Objective: In a previous, double-blind, placebo-controlled study, patients with posttraumatic stress disorder (PTSD) showed lower physiological response during script-driven traumatic imagery 1 week after receiving a single dose of propranolol given after the retrieval of a traumatic memory. We hypothesized that this effect would extend beyond 1 week using a modified treatment approach.
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Highlights
• The low physiological responses in reaction to the script-driven imagery suggest that reconsolidation blockade's effects are sustained.
• However, the study design cannot rule out that the participants were low physiological responders to start with.
• Overall, this study suggests that research on reconsolidation blockade as a treatment for PTSD should be pursued vigorously.
I n a double-blind, placebo-controlled study, 1 a 1-day dose of propranolol following retrieval of a traumatic memory produced lower physiological responding 1 week later during script-driven traumatic imagery in participants with PTSD. One explanation for this finding is that propranolol blocked the reconsolidation of the reactivated memory, [2] [3] [4] [5] [6] thereby decreasing its strength as indexed by lower physiological responding during recall. Our study had a small sample size and there was no follow-up, leaving open the possibilities that the observed effect is not replicable or durable. We addressed these possibilities by analyzing physiological data obtained in a previously described sample of 28 participants 7 who had undergone 6 weekly traumatic memory retrieval plus open-label propranolol treatment sessions for PTSD.
We hypothesized that low physiological responding during script-driven imagery would be observed at 1-week and 4-month posttreatment assessments. First, we applied a discriminant function, 8 derived from previously studied people with and without PTSD, to each participant's physiological responses. We selected this outcome measure because heightened physiological responding to trauma cues is a reliable and frequently replicated biological finding in PTSD, 9 and it allowed for replication and extension of our previous finding. Second, we compared the physiological responses of the current participants with those of the propranolol and placebo groups in the previously reported double-blind, placebo-controlled study. 1 Because we were initially concerned about the possible habituation of physiological responses, the script-driven imagery procedure was administered only after treatment, 9 although recent findings suggest that habituation effects may be negligible.
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Methods
Participants
We recruited, via newspaper advertisements, 9 men and 19 women aged 18 to 65 years (mean 37.9, SD 9.5) with PTSD (mean 17.1 years, SD 14.2) as assessed by a structured clinical interview. Exclusion criteria included the following: systolic blood pressure of less than 100 mmHg; asthma, heart failure, heart block, certain cardiac arrhythmias, or insulin-requiring diabetes; previous adverse reaction to a beta blocker; current use of another beta blocker; use of medication that could adversely interact with propranolol; avoir reçu une seule dose de propranolol, administrée après la récupération d'un souvenir traumatique. Nous avons émis l'hypothèse que cet effet durerait plus d'une semaine à l'aide d'une approche de traitement modifiée.
Méthode : Vingt-huit participants souffrant du TSPT ont lu un récit de leur événement traumatique une fois par semaine pendant 6 semaines consécutives sous l'effet du propranolol en étiquetage ouvert (open label). Une semaine et 4 mois plus tard, les réponses de la conduction cutanée, des battements de coeur, et de l'électromyogramme du muscle sourcilier gauche ont été mesurées pendant que les participants assistaient à une imagerie mentale par scénario de leur événement traumatique. Les résultats des 22 participants à l'étude ont été comparés avec les résultats de participants traités et non traités à une étude publiée précédemment.
Résultats : La plupart des participants à notre étude ont été classés comme étant des cas de non-TSPT post-traitement et au suivi, d'après une analyse de fonction discriminante psychophysiologique. Les réponses post-traitement de la conduction cutanée et des battements de coeur des participants actuels (traités par propranolol) étaient plus faibles que celles des participants au placebo de l'étude précédente. Aucune différence n'a été observée entre les réponses physiologiques mesurées post-traitement et au suivi.
Conclusions :
Les réponses physiologiques faibles durant l'imagerie traumatique par scénario après le traitement se prolongent jusqu'à 4 mois, démontrant la durabilité de l'effet du traitement. Les limitations incluent l'absence d'un groupe contrôle par placebo et le manque de mesures physiologiques de départ. Malgré ces limitations, les résultats révèlent le besoin de futures études qui examineraient l'efficacité clinique de la réactivation du traumatisme avec propranolol, car elle a le potentiel de devenir un traitement du TSPT nouveau et rentable tant sur le plan des coûts que du temps.
pregnancy or breast feeding; recovered memory of traumatic events; and a mean score of more than 20 on the Dissociative Experiences Scale. 12 Participants included French-or English-speaking Caucasian participants with a mean of 14.9 years (SD 4.2) of education and of which 41% were in a relationship. The traumatic events met criterion A and included the following: motor vehicle accident (n = 3), participation in a peacekeeping mission (n = 3), physical assault (n = 5), assault with a weapon (n = 2), sexual abuse (n = 3), incest (n = 5), physical abuse in childhood (n = 3), or other events (n = 4). Comorbid current Axis I disorders 13 included the following: major depressive disorder (n = 8), social phobia (n = 8), obsessive-compulsive disorder (n = 6), generalized anxiety (n = 5), panic disorder with (n = 2) and without (n = 5) agoraphobia, agoraphobia without panic (n = 2), bulimia (n = 3), and anorexia nervosa (n = 1). Our study received ethics approval from the Douglas Mental Health University Institute in Montreal, Quebec. Participants gave written informed consent and were reimbursed up to $250 on a pro-rated basis.
Procedure
While under the influence of 0.67 mg/kg of short-acting plus 1mg/kg of long-acting propranolol hydrochloride (Inderal), participants read an account of their traumatic event for 5 to 10 minutes once during each of 6 weekly visits based on a procedure described in detail elsewhere. 7 One week after the treatment, a clinical psychologist conducted a semistructured diagnostic interview, the results of which have been presented elsewhere. 7 Prior to the clinical interview, an independent research assistant conducted a script-driven imagery procedure.
14 After a 30-second baseline period, each participant listened to 4 audio-recorded scripts (2 portraying the participant's traumatic event and 2 portraying neutral events). After listening to each script, participants imagined the event as if it were happening for 30 seconds while SC, HR, and left corrugator EMG were recorded. Change scores were calculated by subtracting the preceding baseline mean value for each physiological measure from the mean value of the imagery period that followed it. Responses to the trauma scripts were averaged and squareroot transformed to reduce heteroskedasticity. The 26-week follow-up repeated the posttreatment assessment.
Among the 28 people having completed the treatment, 2 were lost to follow-up and 4 had unusable SC data. These participants were not included in the analyses, resulting in a final sample of 22. For each participant, a composite measure of psychophysiological reactivity during traumarelated imagery was obtained by applying an a priori discriminant function to their HR, SC, and EMG responses, yielding a single score (posterior probability) reflecting a person's overall psychophysiological reactivity during trauma-related imagery and the likelihood that their score belonged to the calibration sample's PTSD group. 16 The discriminant function was derived from the HR, SC, and EMG responses of previously studied trauma-exposed people with and without PTSD. 14, [17] [18] [19] [20] Participants with a posterior probability greater than 0.5 were deemed to have a greater than 50% likelihood of having a current diagnosis of PTSD and were assigned to the PTSD group. Participants with a posterior probability less than 0.5 were deemed to have a lower likelihood of having a current diagnosis of PTSD and were assigned to the non-PTSD group.
Posttreatment HR, SC, and EMG responses from the 22 present participants were compared with responses from the propranolol-(n = 9) and placebo-(n = 10) treated participants from our previous study 1 
Results
According to the discriminant function analysis, 91% of the 22 participants were classified as non-PTSD at posttreatment, and 96% at follow-up, based on their physiological responses during trauma-related imagery.
A MANOVA, comparing the 3 groups (current propranolol [propranolol-II], past propranolol [propranolol-I], and placebo [placebo]) revealed a significant main effect for physiological responding, F = 2.3, df = 6/70, P < 0.05 (Wilk's λ = 0.7). ANOVAs revealed significant group differences for SC (F = 8.6, df = 2/38, P < 0.001) and HR (F = 3.4, df = 2/42, P < 0.05), but not EMG (F < 1.0, df = 2/40, P = 0.48.). Results are presented in Figure  1 . Post hoc Tukey honestly significant difference tests revealed that, for SC and HR, the mean score of the present (propranolol-II) group was significantly smaller than that of the previously studied placebo group (for SC, Cohen d = -1.56; for HR, Cohen d = -1.07); these effect sizes were in the predicted direction and considered large. 21 In contrast, there were no significant differences between the present (propranolol-II) and previously studied propranolol 
Discussion
After 6 weekly treatments of traumatic memory reactivation combined with open-label propranolol, physiological responding during script-driven imagery at posttreatment and 4-month follow-up was low. According to the discriminant function analysis, this level of responding was characteristic of people without PTSD. These findings replicate and extend, in a larger sample, previous findings from a placebo-controlled, double-blind study by showing that these effects are long-lasting. Physiologically conditioned emotional responses to internal trauma-related cues are a cardinal sign of PTSD 22 that is difficult to hide or minimize. Therefore, the reported finding supports a genuine benefit of memory reactivation plus propranolol. Further, these physiological results are consistent with the previously reported clinical data based on a structured clinical interview. 7 There are several limitations of our study. First, current participants underwent 6 treatment sessions, whereas the comparison groups underwent a single treatment session. Second, there was no randomization of participants in our study. Third, it is not impossible (although unlikely) that the present participants were weak physiological responders to begin with, and may have shown low physiological responding even if they had not received the treatment. The assessment of physiological responding to trauma reminders prior to treatment is necessary to rule out this possibility. Fourth, although research in animals and humans suggest the contrary, it is possible that the observed effect was unrelated to reconsolidation blockade. 5 For example, repetition of the trauma script on 6 occasions might have induced extinction. However, this explanation is unlikely, given the brevity of exposure to trauma cues during treatment. Mechanistic studies and randomized, placebo-controlled trials are needed to disentangle such alternate hypotheses.
Though findings from our study suggest the promise of a new effective treatment for PTSD, it is important to interpret results in light of the limitations described above, particularly concerning the varying treatment dosage of propranolol across groups and the absence of randomization. Therefore, caution should be exercised in the interpretation of results. Nonetheless, results clearly point to the need for further exploration of the clinical utility of traumatic memory reactivation under the influence of propranolol as a treatment for PTSD. 
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